Abstract: Y-27632 is a well-known inhibitor of the Rho-associated coiled kinase (ROCK) and has been shown to significantly improve the culture of a variety of multipotent stem cell types. However, the effects of Y-27632 on the expansion of adult human adipose-derived stem cell (hADSC) cultures remain to be established. Here, we aimed to characterize the effects of Y-27632 on the culture of hADSCs. Adult hADSCs were isolated from subjects submitted to elective plastic surgery procedures and cultivated in vitro under optimized conditions. Our results show that the continuous supplementation of hADSC cultures with Y-27632 led to decreased numbers of cells and decreased global metabolic viability of hADSC cultures when compared with control conditions. This effect appeared to be dependent on the continuous presence of the drug and was shown to be concentration-dependent and significant for 10 µM and 20 µM of Y-27632. Moreover, the Y-27632-induced decrease in hADSC numbers was not linked to a block in global cell proliferation, as cell numbers consistently increased from the moment of plating until passaging. In addition, Y-27632 was not able to increase the number of hADSCs present in culture 24 hours after passaging. Taken together, our results suggest that, in contrast to other stem cell types, Y-27632 supplementation is not a suitable strategy to enhance hADSC culture expansion.
Introduction
Stem cells hold the capacity to self-renew and to differentiate into tissue-specific cell types. Over the last decades, the identification of different populations of stem cells has attracted the interest of the scientific community due to their enormous potential, including applications in the field of regenerative medicine and drug discovery. [1] [2] [3] Strategies for efficient culture of these stem cells have long been pursued, rendering the procedures for stem cell culture less complex over time. 4, 5 A recently identified small molecule that has been proven to be particularly advantageous in stem cell culture is Y-27632, a selective inhibitor of the Rho-associated coiled kinase (ROCK). 6, 7 This compound has been demonstrated to display pleiotropic and wide-range positive effects across different cells types, namely human embryonic stem cells (hESCs) and human induced pluripotent stem cells (hiPSCs). 6, 7 Several reports have established that treating cultures of adult and human embryonic stem cells with Y-27632 considerably increases the post-thaw cell viability, cell attachment, and post-passaging viability, in addition to significant improvements in cellular proliferation. [6] [7] [8] [9] [10] However, the influence of Y-27632 in the culture of adult human adipose-derived stem cells (hADSCs) submit your manuscript | www.dovepress.com
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has not yet been thoroughly assessed. The hADSCs constitute a population of adult stem cells easily isolated from body tissues containing fat. 11, 12 Similarly to other stem cell types, hADSCs retain the capacity to self-renew and to differentiate into diverse cell types, namely adipocytes, osteoblasts, chondrocytes, myocytes, cardiomyocytes, and neuron-like cells. [12] [13] [14] Due to their differentiation potential, simplicity to isolate, and ability to proliferate in vitro, the scientific community consider the hADSCs as an increasingly attractive source of patient-specific stromal/stem cells. [15] [16] [17] Here, we set out to investigate if the supplementation of hADSC cultures with Y-27632 would significantly improve the culture of this population of adult multipotent stromal/stem cells. Our results demonstrate a Y-27632-induced decrease in hADSC number and global metabolic viability upon continuous Y-27632 supplementation, in comparison with control conditions. The effect was shown to be concentration-dependent (significant effect for 10 µM and 20 µM of Y-27632) and also dependent on the continuous presence of the drug. Interestingly, cell numbers increased from the moment of plating until passaging, so that the Y-27632-induced decrease in hADSC numbers was not linked to a block in global cell proliferation. In addition, Y-27632 could not increase the number of hADSCs present in culture 24 hours after passaging. Together, our results suggest that Y-27632 supplementation alone is not an appropriate strategy to significantly improve the culture conditions of adult hADSCs.
Materials and methods
Adult human adipose-derived stem cells isolation
Adult hADSCs were kindly provided by Jeffrey M Gimble (Pennington Biomedical Research Center, Baton Rouge, LA, USA). Cells were isolated according to a protocol previously described by Dubois et al. 18 Briefly, liposuction aspirates from subcutaneous adipose tissue were obtained from patients submitted to elective plastic surgery procedures. All donors gave their written informed consent. Tissues were then digested in a 0.1% collagenase type I solution (Worthington Biochemical Corporation, Lakewood, NJ, USA) pre-warmed to 37°C for 60 minutes. Afterward, the digested tissue was centrifuged for 5 minutes at 300-500 g at room temperature. The supernatant, containing mature adipocytes, was aspirated. The pellet was identified as the stromal vascular fraction (SVF Adult human adipose-derived stem cells culture and survival/proliferation studies In this work, we used hADSCs previously cultured and cryopreserved between p5 and p10. All cell cultures were maintained in a humidified incubator at 37°C and 5% CO 2 . After quickly thawing the vials in a 37°C water bath, cells were resuspended in culture medium containing Minimum Essential Medium α (α-MEM; Thermo Fisher Scientific, Waltham, MA, USA) supplemented with 10% FBS (Thermo Fisher Scientific), 100 units/mL penicillin (Thermo Fisher Scientific), and 100 µg/mL streptomycin (Thermo Fisher Scientific ). Cells were then spun at 1,200 g for 5 minutes. The supernatant was gently aspirated and cells resuspended in the same culture medium and plated in a T75 flask and allowed to expand. Media was changed every 3-4 days. Upon confluency, cells were trypsinized and passaged to new T75 flasks or plated in 6-, 12-, or 24-well plates (Nunc; Thermo Fisher Scientific) for the survival/proliferation studies. These survival/proliferation studies were carried out using cells plated at two initial seeding densities (1,000 and 5,000 cells/cm 2 ). Y-27632 was added to the wells within the first 60 minutes after cell plating. Throughout the study, medium was changed in all conditions at selected time points. Cells were fixed at the desired time points (24 hours and 5 days post-plating). In each study, 2-3 replicate wells were used per studied condition.
Y-27632
The putative ROCK inhibitor Y-7632 was purchased from Abcam (ab120129; Cambridge, UK) and dissolved in deionized filtered water to yield a 10 mM stock solution. Aliquots were prepared and stored at -20°C.
Cell viability assessment
Cell metabolic viability was assessed by performing MTS assays. The MTS 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium test. The MTS test (Promega Corporation, Fitchburg, WI, USA) is a cell viability assay based on the bioreduction of the substrate (MTS) to a brown formazan product. After the desired cell culture period, the medium was aspirated and cells replenished with a new serum-free medium containing MTS in a 5:1 ratio and incubated at 37°C with 5% humidified 
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Failure of Y-27632 to improve the culture of adult hADSCs CO 2 . Three hours post-incubation, 150 µL of each sample were transferred to 96-well plates (n=3 or 4) and optical density (OD) at 490 nm was determined using a Model 680 Microplate Reader (Bio-Rad Laboratories Inc., Hercules, CA, USA).
Cell proliferation
The cellular proliferation of hADSCs was determined by a colorimetric assay based on 5-bromo-2′-deoxyuridine (BrdU) incorporation (Hoffman-La Roche Ltd, Basel, Switzerland). Cells were incubated with BrdU over 48 hours. After the BrdU incubation period, an enzyme-linked immunosorbent assay (ELISA) test was performed according to the manufacturers recommended protocol. In the end, the OD was determined at 370 nm with a reference filter at 492 nm using an Infinite 200 PRO NanoQuant Reader (Tecan Group Ltd, Männedorf, Switzerland).
Immunocytochemistry
Adult hADSCs cultures were pre-fixed by adding one volume of cold 4% paraformaldehyde diluted in phosphatebuffered saline 1× (PBS 1×/4% PFA) for 2 minutes at room temperature. Then, cells were fixed with PBS 1×/4% PFA for 30 minutes at 4°C. After fixation, cells were washed with PBS 1× three times and then incubated in 0.1 µg/mL of red phalloidin (Sigma-Aldrich Co, St Louis, MO, USA) diluted in PBS 1× for 1 hour at room temperature. In the end, cells were again washed with PBS 1× and finally incubated in a solution containing 1 µg/mL 4′,6-diamidino-2-phenylindole (DAPI; Thermo Fisher Scientific) for 20 minutes. Cells were washed again with PBS 1× and then imaged.
Image acquisition and quantitative image analysis
Image acquisition was performed using an IX-81 fluorescence microscope (Olympus Corporation, Tokyo, Japan). Seven representative fields of each well were selected in a blinded and systematic procedure using 10× magnification. Automated quantitative determination of DAPI-positive nuclei was performed using the Cell Scoring module of Metamorph NX software (Molecular Devices LLC, Sunnyvale, CA, USA). Positive cells were selectively identified when having clear signal intensity above local background. Intensity thresholds were set blinded to sample identity and in a given experiment, identical parameters were used in all images analyzed. The parameters were minimally adjusted across the different independent experiments.
Statistical analysis
All quantitative data were analyzed using GraphPad Prism for Windows (v5.00; GraphPad Software, San Diego, CA, USA). For each set of data, each condition was compared using one-way analysis of variance (ANOVA) statistical evaluation followed by Tukey's honestly significant difference (HSD) post hoc test. In cases involving only one time point and a two-group comparison, P-value was determined using Student's t-tests. Differences were considered to be significant when P,0.05.
Results
The expansion of hADSCs is not enhanced in the presence of Y-27632
Several reports in the last decade have demonstrated that Y-27632 efficiently improves the culture conditions of a myriad of human stem cell types, including hESCs, hiPSCs, human mesenchymal stem cells (hMSCs) and human neuronal progenitor cells (hNPCs). 6, 7, 9, 10, [19] [20] [21] [22] [23] However, the influence of Y-27632 in the culture of adult hADSCs remains to be firmly established. Here, we first aimed to assess if the presence of Y-27632 in the culture medium could improve the overall expansion of hADSCs. Human ADSCs p5 and p10 were grown in T75 flasks until confluency ( Figure 1A ). Afterward, cells were trypsinized and the resultant cell suspension recovered to be replated in 12-well plates. The pilot experiments performed showed that hADSC cultures seeded initially at the standard 5,000 cells/cm 2 seeding density would reach confluency after 5 days of continuous culture (control hADSC growth condition; Figure 1B ). Thus, all subsequent expansion experiments were conducted until day 5 after hADSC plating. To evaluate the effect of Y-27632 in hADSCs, these adult stem cells were grown under continuous standard 10 µM Y-27632 supplementation for 5 days (Y-27632 D0-D5); Y-27632 treatment for the first 24 hours followed by culture in regular growth conditions for the next 4 days (Y-27632 D0-D1); or growth in control conditions (control; Figure 1A ). Two initial cell-seeding densities (1,000 and 5,000 cells/cm 2 ) were used ( Figure 1A and B). During the 5-day period, a continuous increase in the number of hADSCs was registered across the three different medium supplementation conditions. At day 5, the cell cultures were fixed with PFA and stained for quantification of the number of hADSCs present in the culture. Using 10× magnification, seven representative fields of each well were then imaged in a blinded and systematic manner ( Figure 2A was then performed using the Cell Scoring module of the Metamorph NX software ( Figure 2B ). After 5 days of cell culture, we registered similar numbers of hADSCs in the control and Y-27632 D0-D1 wells ( Figures 1B, 2C, and 2D ). On the other hand, Y-27632 D0-D5 wells had significantly decreased numbers of hADSCs when compared to the control and Y-27632 D0-D1 wells ( Figures 1B, 2C, and 2D ). The analysis of the global cell metabolic viability using the MTS test revealed significantly decreased OD in hADSCs grown continuously in the presence of Y-27632 (Y-27632 D0-D5; Figure 2E and F). These results were observed for both seeding densities tested ( Figure 2C-F) . Remarkably, the number of hADSCs present in culture was also diminished even if the Y-27632 treatment was continuously applied over 4 days from day 1 to day 5 (data not shown). Interestingly, at day 5, we observed that a few cells treated with Y-27632 over 5 days exhibited neuron-like morphology ( Figure 1B a robust concentration-dependent decrease in hADSC numbers in cultures treated continuously with Y-27632 ( Figure  3A) . The calculated half maximal effective concentration (EC 50 ) for the continuous Y-27632 treatment was determined to be ≈7.97 µM. The decrease in cell numbers was statistically significant for the concentrations 10 µM and 20 µM ( Figure 3A) . These concentrations of Y-27632 were associated with significant increases in the average nuclear area of hADSCs ( Figure 3B ) and a significant decrease in the global cellular metabolic viability ( Figure 3C) 
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Failure of Y-27632 to improve the culture of adult hADSCs concentration-dependent decrease in hADSC numbers, but also show for the first time that the standard 10 µM concentration of Y-27632, commonly associated with pro-expansion effects in most stem cell types, does not enhance the culture of hADSCs.
Effect of Y-27632 in the viability and continued culture of hADSCs
The initial experiments which demonstrated that continuous Y-27632 supplementation is not beneficial for hADSC culture were performed using cells in passage .6. It is possible that at this later passage, cells have lost their multipotency and have become nonresponsive to the standard 10 µM concentration of Y-27632. To rule out this possibility and to elucidate further the effect of Y-27632 in the hADSC cultures, we conducted a new set of experiments using hADSCs in earlier passages (,p4). hADSCs were again grown in T75 flasks until confluency ( Figure 4A ). Afterwards, cells were trypsinized and the resultant cell suspension recovered to be replated at 5,000 cells/cm 2 in 6-well plates. Cells were then allowed to expand over 5 days in the continuous presence or absence of the standard 10 µM Y-27632. After 5 days, cells were trypsinized and counted with the help of a hematocytometer. Our data showed decreased numbers of cells in the wells treated with Y-27632 for 5 days (Figure 4B ), which shows that the decrease in hADSC number upon Y-27632 treatment is also observed in earlier passages of hADSCs.
Numerous reports demonstrate that Y-27632 treatment is associated with enhanced survival of recently passaged cells. 7, 8, 24, 25 To determine if Y-27632 is also able to enhance the survival of hADSCs after cell passaging, cells grown for 5 days in the presence or absence of Y-27632 were replated and cultured for the next 24 hours with or without Y-27632 ( Figure 4A and C) . After 24 hours, we registered similar numbers of hADSCs in the untreated and Y-27632-treated wells ( Figure 4C ; ns = not significant). This observation was present in cells either grown with or without Y-27632 in the previous 5 days. Together, these results show that Y-27632 is not able to significantly increase the survival of recently passaged hADSCs.
We next aimed to assess the effect of prolonged Y-27632 supplementation on the continuous proliferation and viability of hADSCs. Those hADSCs grown initially over 5 days in the presence or absence of Y-27632 were passaged and allowed to re-expand for an additional 5 days ( Figure 4A and D) . After passaging, each initial group of cells was subsequently submitted to treatment with or without Y-27632 ( Figure 4A and D) . Therefore, hADSCs were grown under four different medium conditions ( Figure 4A Figure 4D ). Contrarily, cells grown under control conditions in both periods had the greatest number of hADSCs in culture (C/C; Figure 4D ). Interestingly, in the wells submitted to an initial 5-day treatment with Y-27632 and then a second period of growth in control conditions (Y/C), the number of hADSCs present in culture was similar to growth in control conditions for the 10 days (C/C; Figure 4D ). In line with this, the global metabolic viability of hADSCs was decreased in the wells treated with Y-27632 for the last 5 days of cell growth (C/Y and Y/Y; Figure 4E ). Yet, we did not register significant differences in the global levels of cell proliferation among the four growth conditions studied ( Figure 4F ). Together, this data reveals a long-term decrease in the number of hADSCs in the presence of Y-27632 when compared to control conditions. Our results also suggest that the removal of the drug from the growth medium allows cultures to re-expand up to the levels similar to that of the control growth condition, implying that the effects of Y-27632 on hADSC cultures are not irreversible, but seem to depend on the continuous presence of the drug.
The previous experiments were performed under a paradigm of continuous Y-27632 supplementation. To further confirm that the decrease in the number of hADSCs pertained by Y-27632 depends on continuous drug supplementation, we performed the same experiments under a paradigm of transient Y-27632 treatment during the 24 hours prior to cell passaging ( Figure 5A ). We observed that the 24 hours of treatment did not have a significant impact on the total number of cells retrieved from the wells after 5 days of hADSC expansion, resulting in similar total cell yields when compared to the control conditions ( Figure 5A and 5B). In line with previous data, 24 hours after hADSC passaging, we registered similar numbers of hADSCs in the untreated and Y-27632-treated wells ( Figure 5C Figure 5D ) and cells grown under control conditions for the entire 10-day period had the greatest number of hADSCs in culture ( Figure 5D ). Interestingly, in the wells where hADSCs were submitted to an initial 24 hours of Y-27632 treatment and then a second period of growth in control conditions (Y/C), the number of hADSCs present in culture was similar to growth in control conditions for the 10 days (C/C; Figure 5D ). The global metabolic viability of hADSCs was decreased in the wells continuously treated with Y-27632 for the last 5 days of cell growth ( Figure 5E ). Interestingly, we did not register significant differences in the levels of cell proliferation among the four medium combinations tested ( Figure 5F ). This data further confirms that the continued decrease in the number of hADSCs in the presence of Y-27632 depends on the constant presence of the drug. Taken together, the data reported in the present study demonstrate for the first time that continuous supplementation of hADSC cultures with Y-27632, even at the standard 10 µM concentration, does not constitute a beneficial strategy to improve the culture of hADSCs.
Discussion
The continuous addition of Y-27632 to stem cell cultures has been linked to considerable improvements in the expansion of some stem cell populations, specifically hPSCs and hNPCs. 6, 23, [26] [27] [28] We showed here that growing hADSC cultures in the presence of Y-27632 did not add benefits in terms of cell numbers and cell viability; moreover, the continuous presence of Y-27632 was shown to be detrimental for the expansion of this population of stem cells given that cell numbers and cell metabolic viability were significantly decreased in the different paradigms studied when compared to control conditions. However, the decrease in the number of hADSCs upon continuous treatment with Y-27632 was not linked to a block in cell proliferation, as cell numbers increased during 5 days and global BrdU levels were similar in wells treated with or without Y-27632. In addition, the removal of the Y-27632 compound from the medium allowed cells previously exposed to Y-27632 treatment (either 24 hours or 5 days continuously) to expand up to the levels of the control condition, which implies that the effects of Y-27632 on hADSC cultures reported here are not irreversible, but seem to depend on the continuous presence of the drug. 29 Therefore, it is plausible that Y-27632 is lengthening the progression of the dividing hADSCs through the cell cycle, which could explain overall lower hADSC numbers in comparison to control conditions, despite similar global levels of BrdU in the 48-hour pulse performed. Our results are in line with previous studies showing that the expansion of CD34
+ hematopoietic progenitor cells is impaired in the presence of Y-27632. 30, 31 Both hADSCs and CD34
+ hematopoietic progenitor cells are adult stem cells of mesodermal origin and Y-27632 could be decreasing their expansion rates by using a common mechanism. The present study also showed that the application of Y-27632 to recently passaged hADSC cultures did not significantly increase the number of hADSCs 24 hours after passaging when compared to control conditions. This result is in contrast with studies involving other stem cells types, namely hPSCs, in which this compound is known to significantly increase cell survival of those stem cells upon dissociation due to its well-known antiapoptotic effects. 27, 28 It is possible that the proapoptotic mechanisms activated in hPSCs upon dissociation differ from the possible proapoptotic mechanisms present in hADSCs in the first 24 hours after cell passaging. On the other hand, the molecular inhibition pertained by this compound in hADSCs (mesenchymal lineage) might lead to a diverse cellular phenotype from what has been widely described for hPSCs. Future studies are needed to thoroughly address the cellular mechanisms responsible for the diverse responses of different stem cell types to Y-27632.
The great majority of studies in the literature that demonstrate the beneficial effects of Y-27632 for cell proliferation and survival have been obtained using a standard 
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Failure of Y-27632 to improve the culture of adult hADSCs protein kinase-2 (LRRK2), and MNK1. 32, 33 This might explain the observed decrease in the number of viable cells at day 5 upon continuous Y-27632 supplementation, since the sustained inhibition of several protein kinases might be detrimental to cellular homeostasis in the long run.
A recent report in the literature has proposed that hADSCs treated with Y-27632 develop morphological changes resembling neuron-like cells. 34 Here, the continuous presence of Y-27632 led to the appearance of hADSCs with similar neuron-like shapes. We could demonstrate that these cells fail to express putative neuronal markers, namely MAP-2. Yet, it remains to be confirmed that Y-27632 alters the lineage commitment potential of hADSCs. Eventually, these morphological changes add another layer of evidence to highlight the negative value of adding Y-27632 to hADSC cultures, if the purpose is to culture this type of adult stem cells more efficiently.
Conclusion
The present work shows that Y-27632 supplementation not only does not increase the plating efficiency of hADSCs, but also fails to enhance the expansion of this type of human adult stem cells. In contrast to other stem cell types, Y-27632 supplementation does not seem to constitute a successful strategy to improve hADSC cultures.
